Introduction
Rangelands cover large areas (more than half of the surface area) and have a crucial role in animal husbandry in the Eastern Anatolia region of Turkey. In this region, rangeland plant communities consist of short grasses and forbs, but the dominant functional group is perennial grasses (Koç et al., 2013) and they have been under heavy grazing pressure for centuries; therefore, fire rarely occurs in these rangelands because of inadequate amounts of fine fuel. However, restricted grazing in national parks and other areas for afforestation purposes has resulted in fire becoming a serious risk during the summer dormancy period in these rangelands because of litter accumulation.
Fire is an important driver of ecological processes and a management tool to control undesirable plants, prepare a seedbed, and increase forage utilization and availability in subhumid and humid rangelands, but it is less known in high-elevation and semiarid rangelands. Fire suppresses or promotes plant species depending on vegetation, soils, wildlife, and water resources (Redmann, 1978; Emmerich, 1999) ; it causes changes in species composition of rangeland directly or indirectly by affecting plant species differently (Schacht and Stubbendieck, 1985; Gökkuş, 1987; Scheintaub et al., 2009) ; and it decreases vegetation canopy coverage, especially in the first year following the fire (Guevara et al., 1999) . Accumulation and distribution of litter mass, weather, and the moisture content of soil are major factors affecting fire damage to vegetation and soil properties (Emmerich and Cox, 1994; Certini, 2005) . Oesterheld et al. (1999) suggested that fire had a negative effect on aboveground biomass production in rangelands with an annual precipitation between 250 and 450 mm. Fire removes aboveground biomass and litter mass; therefore, after fire more solar radiation reaches the soil surface, which reduces competition for light and changes nutrient availability (Emmerich, 1999) , due to increasing soil temperature (Knapp and Seastedt, 1986) . In the case of enough moisture, these factors may cause an increase in productivity after fire.
Compared to mesic rangelands, fire has a negative effect on plant productivity in arid and semiarid rangelands. Changes in soils after fires produce different responses in the hydrology, soil moisture, organic matter, mineral content, and microbial population because of their complex interactions (Gökkuş, 1988; Certini, 2005) . After a fire, soil chemical and physical properties change depending on combustion processes, the amount of fuel, air temperature, wind speed, topography, and humidity (Certini, 2005) . Removal of aboveground biomass, litter biomass, and organic matter cause nutrient loss, decreasing infiltration and increasing runoff and erosion (Chen et al., 2010) . After a fire, soil nutrient content changes significantly. In general, gaseous nutrient content (C, N, S, etc.) decreases while mineral nutrient content increases, and the microbial population also changes after a fire (Barbour et al., 1987) . Consequently, these changes affect productivity and botanical composition.
Generally, the effects of fire on vegetation are difficult to predict because both the physical environment and vegetation responses to fire are highly variable; hence, their interactions are most significant (Guevara et al., 1999) . There are a variety of studies on the effect of fire disturbance on rangeland vegetation in tropic and subtropic rangelands, but it is less known in high-elevation and semiarid rangelands. The objective of this study was to determine the effect of fire on aboveground biomass, litter biomass, annual grasses (AG), perennial grasses (PG), annual legumes (AL), perennial legumes (PL), annual other families (AOF) and perennial other families (POF), canopy coverage, and soil properties following fire in highelevation steppe rangelands. and Alyssum desertorum and Ziziphora sp. for AOF. It has been protected from grazing for afforestation by the Directorate of the Erzurum Forestry Office for at least 10 years, but neither plowing nor plantation was done before or during the experiment. Two paired rangeland plots, burned and unburned, were selected to determine the effect of fire during the summer dormant season on shortgrass steppe rangeland vegetation and soil properties. Each plot had an area of 1 ha and each plot was divided into 10 subplots (20 × 50 m). A wild fire occurred at the Palandöken location on 25 August 2011 and a prescribed fire was applied to the university location on 26 August 2011 to compare fire effects on highland steppe vegetation. There was no extra fuel material added to the burned plots at either location. The litter that accumulated in previous years and dried annual aboveground material constituted the fire material at both locations. The climate in the experimental areas is semiarid with a mean annual precipitation of 388 mm, the majority of which occurs from September to May ( Figure  1a ). The mean annual temperature is 5.6 °C (Figure 1b) . Total annual precipitation was 313 and 284 mm and average temperature was 5.5 and 5.3 °C in 2012 and 2013, respectively (Figures 1a and 1b) . Although it was not sampled, neither experimental area had soil thickness problems and soil depth was about 30 cm in both locations. The soil textures were sandy clay loam and sandy loam at the university and the Palandöken location, respectively, and the other soil properties are given in Section 3.
Materials and methods
Botanical composition and canopy coverage were measured when common species reached the flowering stage (late June) in each year using a modified wheel-point method (Koç and Çakal, 2004) on ten transect lines, each of which had 20-m intervals and 100 m in length (100 points with 1-m intervals were recorded) per plot. The results were sorted into AG, PG, AL, PL, AOF, and POF categories to do statistical analysis. Aboveground biomass and litter were determined in the beginning of July in each year because plant growth stopped due to decreasing precipitation and increasing temperature. Ten quadrats of 0.25 m 2 (0.5 × 0.5 m) were randomly chosen in each plot. All live and litter materials were collected by clipping or picking from ground level. After separating the live and dead material, the samples were dried at 60 °C until reaching a constant weight and were then weighed.
Ten composite soil samples were collected from the soil layer of 0-10 cm at each site in each year and carried to a laboratory in a cooler to analyze them for bacteria and fungi. Bacterial and fungal abundances were measured using the method described by Germida (1993) . Ten composite soil samples were also collected from the soil layer of 0-10 cm at each site in each year to analyze some physical and chemical properties. In soil samples, pH was determined by a pH meter, moisture content by the gravimetric method, organic matter by the Walkley-Black method (Schnitzer, 1982) , NO 3 -N and NH 4 -N by the KCl extraction method (Maynard and Kalra, 1993) , CaCO 3 content by a Scheibler calcimeter (McLean, 1982) , plant available P by the Olsen method (Olsen and Sommers, 1982) , and plant available cations (Ca, K, Mg, and Na) by the ammonium acetate extraction method (Soil Survey Laboratory Staff, 1992) .
All statistical analyses were performed based on the general linear model using the StatView package (SAS Institute, 1998) . Analysis of variance (ANOVA) was used to test for location, year, and treatment differences and their interactions; location variances for vegetation and soil properties were significantly different and hence the locations were analyzed separately.
Results
The responses of two shortgrass steppe rangelands to dormant-season fire were not consistent with each other with respect to the investigated properties in this study. The canopy coverage of the burned plots was less (P < 0.01) than that of the unburned plots at the Palandöken location following the fire and it showed an increase in line with the next year at that location. The increase in canopy coverage was statistically significant at both locations. Canopy coverage in 2012 was greater for unburned than burned plots but that there was no significant difference between the burned and unburned plots in 2013. However, year × fire interaction was significant for the university location (Table 1) .
AG was a minor component of the botanical composition of the locations and its abundance was not affected drastically by fire (Table 1) . While PG increased significantly in the second year compared to first sampling year at the university location, it was not affected at the Palandöken location. Contrary to the university location, PG decreased significantly in unburned plots in the second sampling year at the Palandöken location; hence, year × burning interaction was significant (P < 0.01) at both locations (Table 1) .
AL and AOF were minor components of botanical composition at both locations. Their abundance showed an increase in burned plots following the fire at the university location. The PL ratio did not change with respect to fire, year, and their interaction effect at the university location, but it increased significantly in the second sampling year compared to the first year at the Palandöken location (Table 1) . Burning did not affect the POF ratio at the Palandöken location, while it caused a significant decrease at the university location (Table 1) .
Aboveground biomass was significantly higher in unburned plots than burned plots in both locations and the second year records were significantly higher than first year results (P < 0.0001). Decrease in aboveground biomass production due to fire was more pronounced at the university location in the first year compared to the second year; therefore, year × treatment interaction was significant (P < 0.0001) ( Table 1) . At the Palandöken location, year effect and treatment effect were significant, so biomass was greater in 2013 than 2012 and biomass was greater on unburned plots than on burned plots. The biomass increase from 2012 to 2013 was equivalent on both burned and unburned plots; hence, year × treatment interaction was not significant.
There was a significant interaction for litter mass at the university location. Litter mass was significantly (P < 0.0001) lower in burned plots compared to unburned plots at both sites. Litter mass amount was close to zero following the fire, but it increased significantly in the second sampling ns: nonsignificant, *: P < 0.05, **: P < 0.01, ***: P < 0.001. year in burned plots of both locations, whereas there were no significant differences in litter mass in unburned plots between years in both locations (Table 1) . Fire did not affect bacteria population in 2012 and 2013 at the university location, but fire increased the bacteria population in 2012 at the Palandöken location. Bacteria populations showed significant decrease in the second year compared to the first year at both locations. Fire caused a significant decrease (P < 0.0001) in fungi population in 2012 at the university location. Fire caused a significant decrease (P < 0.0001) in fungi population in 2012 and 2013 at the Palandöken location. Fungal population changed between years but this rate of change was different for each location; thus, year × fire interaction was significant for both locations (P < 0.0001) ( Table 2 ).
The effect of fire on soil moisture content was insignificant at the university location while it caused significant (P < 0.01) decreases in soil moisture content at the Palandöken location (Table 2) . On the other hand, soil moisture content was lower (P< 0.05) in the second year compared to the first year at the university location, whereas it was insignificant at the Palandöken location (Table 2 ). While soil pH was not affected by fire at the Palandöken location, it decreased significantly in burned plots at the university location (P < 0.0001) ( Table 2) .
The average soil organic matter content was 2.73% at the university location and 6.55% at the Palandöken location, and it was not affected by fire, years, or their interaction (Table 2) . NO 3 , NH 4 , and total N contents of soil were not affected by either fire or years at either location (Table 2) . While plant available P (P 2 O 5 ) content was lower in burned plots at the university location, it was higher in burned plots at the Palandöken location. However, the available P contents were lower in the second year compared to first year in both locations ( Table 2) .
The burned plots had contrasting Ca content between locations; the university and Palandöken locations had lower and higher Ca content compared to unburned plots, respectively. The second year values were considerably lower than first year values at both locations. In the first year, the differences in Ca content between burned and unburned plots were quite higher at the university location; hence, year × fire interaction was significant for the location (Table 2) .
Soil K content was lower in burned plots (293.08 ppm) than in unburned plots (346.08 ppm) at the university location, whereas the results of the Palandöken location were contrary to the university location. Soil K content of burned and unburned plots at the Palandöken location did not differ in the first year. Compared to the first year results, soil K contents were lower in unburned plots and higher in burned plots at the Palandöken location; hence, fire × year interaction was significant for soil K content at this location (P < 0.0001) ( Table 2) . Soil Mg contents were higher in unburned plots than burned plots at both locations. Soil Mg content was similar in both years in burned plots while it was lower in the second year than in the first year at the university location. Meanwhile, soil Mg content was higher in burned plots and lower in unburned plots in the second year compared to first year at the Palandöken location. These differences between years depending on the treatments made fire × year interaction for soil Mg content significant at both locations (Table 2) .
Soils in the experimental areas had very low Na and CaCO 3 contents (Table 2 ). These contents were affected both by year and fire application, but the effect was not similar between the locations. Soil cation exchange capacity (CEC) was not affected by either years or fire at the university location, but it was affected by both factors at the Palandöken location. At the Palandöken location, soil CEC was considerably higher in burned plots than unburned plots in the first year. While soil CEC was similar between the years in unburned plots, it decreased significantly in burned plots in the second year. Thus, fire × year interaction was significant for CEC at the Palandöken location (Table 2) .
Discussion
Prescribed burning is frequently applied to modify botanical composition and remove residual material in range management, especially in grasslands dominated by warm season grasses. Besides prescribed burning, accidental fires occur commonly in semiarid rangelands. Understanding the effect of fire on vegetation and soils of semiarid rangelands will be useful for determination of effective management practices after fire. In this study, two sites were selected. In one of them a fire started accidentally, and the other was set on fire at the same time in high-elevation semiarid rangelands, but the results obtained from the sites were not comparable with each other. Nevertheless, a general conclusion can be drawn from the current results.
Vegetation properties
Canopy coverage decreased considerably following the fire at both locations, but bare grounds were covered by plants in the second year and the coverage percentage was similar to unburned areas at both locations. These results showed that the recovery rate of canopy coverage is quite fast following dormant-season fire in semiarid highland steppe rangelands. Recovery rate of vegetation is closely related to climatic condition, while recovery of plant canopies progresses quickly under favorable climatic conditions; it takes a longer period under unfavorable climatic conditions (Herbel and Pieper, 1991; Emmerich, 1999; Holechek et al., 2004; Scheintaub et al., 2009 ). Dormant-season fire did not drastically influence the botanical composition of exclosured highland steppe rangelands. As a general trend, there was an increase in annuals and a decrease in perennials in the year following the fire. The increase in annual species percentage in the botanical composition in the year following the fire could be related to the removal of litter and an increase in bare soil surface because this situation causes a decrease in competition for light and induces the germination of dormant seeds (O'Dea and Guertin, 2003; Scheintaub et al., 2009 ). The increase in annuals is characteristic of disturbed natural ecosystems because annual plants are pioneer species of natural ecosystems and their abundance increases quickly following a disturbance (Gökkuş, 1987; Belsky, 1992) .
The differences in the percentages of the plants belonging to AOF and POF between the locations following the fire might be attributed to the life form and growth habit differences of the species. Plants with perennating buds above the ground are more sensitive to fire than those with buds below the ground (Vallentine, 1989) . Fire did not have any effect on PL at both sites. The most common species at both locations were Medicago varia, Onobrychis spp., and Astragalus sp. (unpresented data), which have perennating buds in the belowground part of crown. This life form is resistant to fire (Vallentine, ns: nonsignificant, *: P < 0.05, **: P < 0.01, ***: P < 0.001. 1989) and fire cannot seriously affect these plants as long as it is not repeated frequently (Brockway et al., 2002) . For this reason, the percentage of the PL did not change in the experiment. The PG proportion in the botanical composition of burned plots was significantly lower than that of unburned plots in the year following the fire, but it recovered quickly after the fire and the percentage did not differ from that of the unburned plots in the second year. The rapid increases of perennial grasses in the second year can be interpreted such that dormant-season burn may not have a deleterious effect on cool-season grasses in semiarid steppes. Therefore, dormant-season burn can be used as a restoration tool, especially for invasion of forbs with aerial buds in these ecosystems, because dormant-season fire stimulates grasses more so than others in the botanical composition (Brockway et al., 2002) . Similar results were also reported by other researchers (Schacht and Stubbendieck, 1985; Gökkuş, 1987; Belsky, 1992; Scheintaub et al., 2009) .
In this experiment, aboveground biomass was significantly lower in burned plots than unburned plots in the first year after the fire, and it showed a considerable increase in burned plots in the second year, but the aboveground biomass production in burned plots still did not reach the levels of unburned plots in both locations at the end of the second growing season after the fire. In general, fires have a negative effect on aboveground biomass in semiarid rangelands because removal of litter by fire allows the loss of mechanical barriers, toxic allelochemicals, soil temperature, soil moisture, light quantity, and light quality for growth and development of plants (Ruprecht et al., 2010) . As a consequence of this adverse effect of fire, plant production decreases in the season following the fire in semiarid rangelands (Schacht and Stubbendieck, 1985; Oesterheld et al., 1999) , but this decrease in aboveground production can recover within a short timeframe, i.e. in 2 or 3 years, depending on the precipitation availability (Redmann, 1978; Schacht and Stubbendieck, 1985) .
Litter mass accumulation decreased drastically following the fire in both locations. This is an expected result since fire consumes aboveground litter (Brockway et al., 2002) . As expected, an increase in litter accumulation occurred in both locations in the second year following the fire due to production of aboveground biomass following the fire, but the amount of litter accumulation was different between the locations. More litter mass accumulation was recorded at the university location, which produced more aboveground biomass. This might be related to the differences of wind occurrence between the sites, scattering dead material, because the Palandöken location is located at a higher elevation than the university site. As is known, with an increase in the elevation, wind occurrence and velocity increase due to decreasing air pressure and geomorphological features on the mountain (Barbour et al., 1998; Gliessman, 2006) .
Soil properties
In general, soil properties were affected by fire in the experiment, but these effects were not detrimental because the affected soil properties were restored or rehabilitated in the second year following the fire (Table 2) . On the other hand, the changes in the investigated soil properties cannot be attributed solely to fire because some changes occurred between the years. These differences mainly originated from the changes of precipitation and temperature between the years, because seasonal variability in environmental factors such as temperature and moisture affect the soil microbial community and suitable climatic conditions generally induce an increase in the soil bacteria population (Rigobelo and Nahas, 2004) . The decrease in bacteria populations in the second sampling year might be explained by the prevailing warmer and dry climatic conditions during the beginning of growing, especially in May, compared to the first sampling year (Figure 1a) . Fungi populations were affected significantly by fire. Fire removes litter, a significant medium for fungi, and generally increases the pH on the soil surface (Liqing et al., 1998) . While this increased pH does not have a negative effect on bacteria populations, it causes a significant decrease in fungi populations (Gliessman, 2007) . Hence, there was a decrease in the average fungi populations in the burned plots of both locations. General decreases in fungi populations in the second year might be related to warmer air temperature and less precipitation (Figure 1 ), because increased air temperature causes the moisture shortage period to extend on the soil surface in semiarid ecosystems and this condition causes a decrease in microbial biomass (Liu et al., 2009) . Relative increases of fungi number in the burned plots of the university location in the second year might be related to higher litter accumulation, which increases water availability on the ground.
The effect of fire on soil moisture, pH, organic matter, nitrogen, and minerals depends on the fire's severity. In general, with an increase in the severity of fire, soil moisture, organic matter, and nitrogen contents decrease, but pH and minerals contents increase (Emmerich, 1999; Certini, 2005) . In this experiment, soil moisture significantly decreased in burned plots at the Palandöken location, whereas it did not change at the university location. This situation might be related to reduced snow accumulation, because the location is in a hilly area and lost standing material due to fire that encourages the blowing of snow (Redmann, 1978; Chen et al., 2010) . The soil pH changes in the experimental areas must be related to environmental factors rather than fire, because the results were not consistent between the burned areas. In general, soil pH increases in dry years due to decreased microbial respiration and decomposition rate, due to the production of K and Na oxides, hydroxides, and carbonates (Ulery et al., 1993; Certini, 2005) . Thus, soil pH must be higher in the second sampling year than in the first sampling year in the experimental area. Soil organic matter and nitrogen compounds did not show significant differences between treatments and years. These results must be related to fire severity, because there was not much fire material accumulated in the experimental areas as in other shortgrass steppes. As the fire severity increases, the loss of soil organic matter and nitrogen increases (Emmerich, 1999; Certini, 2005) .
Soil mineral content was highly variable between locations, treatments, and years; however, the reason for this variability cannot be assumed to be fire, because the results related to fire were not consistent between the locations. It is accepted that nutrient loss from burned biomass is a quite small amount of the total nutrients of an ecosystem because more than 98% of total nutrients remain in the soil (Emmerich, 1999) . Thus, the variations must be related to environmental factors other than fire because several environmental factors including climatic conditions, soil pH, leaching, and microbial activity affect soil mineral nutrient availability (Certini, 2005; Chen et al., 2010) .
Conclusions
Results of the present study revealed that fire occurring in the summer dormant season can influence the vegetation and soil properties of highland steppe rangelands, but this effect is not detrimental for either vegetation or soil. Especially at the university location, fire decreased the POF percentage in the botanical composition significantly, since POF having dormant buds located in the aerial part of the plants were common. Meanwhile, it was ineffective in increasing the grasses at the Palandöken location due to the differences in the life forms of AOF and POF, because AOF and POF having dormant buds under the soil surface were common at this location. Hence, fire appears to have the potential to control invasive forb species with aerial buds, such as thorny milkvetch, and to improve botanical composition on highland steppe rangelands. On the other hand, soil analysis results did not show a profitable effect of fire on soil fertility. Hence, it is claimed that prescribed burning is not suggested to increase soil nutrient availability in highland steppe rangelands. Nevertheless, further studies on the effect of fire, and especially repeated fire, on vegetation and soil properties are needed to understand the effect of fire on ecosystem functions of highland steppe rangelands.
